Abstract. G protein-coupled receptors (GPCRs) are a large and heterogeneous superfamily of receptors that are key cell players for their role as extracellular signal transmitters. Class C GPCRs, in particular, are of great interest in pharmacology. The lack of knowledge about their full 3-D structure prompts the use of their primary amino acid sequences for the construction of robust classifiers, capable of discriminating their different subtypes. In this paper, we describe the use of feature selection techniques to build Support Vector Machine (SVM)-based classification models from selected receptor subsequences described as n-grams. We show that this approach to classification is useful for finding class C GPCR subtype-specific motifs.
Introduction
G protein-coupled receptors (GPCRs) are cell membrane proteins with a key role in regulating the function of cells due to their transmembrane location. This is the result of their ability to transmit extracellular signals, activating intra-cellular signal transduction pathways, ability that makes them particularly attractive for pharmacological research.
The functionality of a protein depends at large on its structural configuration in 3-D, which determines its ability for a given ligand binding. Despite active research, the 3-D structure is currently only determined in full for approximately a 12% of the human GPCR superfamily [6] . As a result, GPCR classes that lack a known 3-D structure require alternatives such as the analysis of their primary amino acid sequence, which is well-known and reported in many open curated databases. This paper specifically focuses on the class C subset of a publicly available GPCR database. These data were analyzed in a previous study [8] using a supervised, multi-class classification approach that yielded relatively high accuracies in the discrimination of the seven constituting subtypes of the class. This previous work used several transformations based on the physicochemical properties of the sequence amino acids. In the current study, we go one step further and apply feature selection prior to classification with SVMs from n-gram subsequence features. A relevant objective of this work is the analysis of the constructed classifiers in order to find subfamily-specific motifs that might reveal information about ligand binding processes. A further motivation for this study is the fact that no major motifs are currently known for class C GPCRs [11] .
Materials
GPCRs are cell membrane proteins that transmit signals from the extracellular to the intracellular domain, prompting cellular response. This makes them of great relevance in pharmacology. The GPCRDB [12], a popular curated database of GPCRs, divides the superfamily into five major classes (namely, A to E) based on ligand types, functions, and sequence similarities. As stated in the introduction, this study concerns class C, which has of late become an increasingly important target for new therapies, particularly in areas such as pain, anxiety, neurodegenerative disorders and as antispasmodics.
The investigated data (from version 11.3.4 as of March 2011) comprises of 1,510 class C GPCR sequences, belonging to seven subfamilies: 351 metabotropic glutamate (mG), 48 calcium sensing (CS), 208 GABA-B (GB), 344 vomeronasal (VN), 392 pheromone (Ph), 102 odorant (Od) and 65 taste (Ta).
Methods
In this work, SVMs were used for the supervised classification of the alignmentfree amino acid sequences into the seven subclasses of class C GPCRs. Given the multi-class problem setting, the svmLib implementation [2] was used. The amino acid sequences of varying lengths were first transformed into fixed-size feature representations. For this, we used in previous work transformations based on the physicochemical properties of the sequences [8] . Instead, in this work we use short protein subsequences in the form of n-gram features. The n-grams were created from three different existing alphabets that have previously been used for the classification of GPCR sequences [4] . Different feature selection methods are also used to reduce the dimensionality of the data with the objective of finding the parsimonious set of n-grams that might best discriminate the class C subtypes.
Amino Acid Alphabets
According to [5] , many amino acids have similar phisicochemical properties, which makes them equivalent at a functional level. An appropriate grouping of amino acids reduces the size of the alphabet and may decrease noise. In this
